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My related background/efforts

ωMostly residential

ςField testing and repair for utility programs and 
research (CAC, ASHP, GSHP since 1992)

ςRESNET (Home energy rating): GSHP pumping/fan 
energy documentation and defaults (~2010)

ςDesigning/supporting efficiency programs with 
savings estimates, building science, modeling, 
training, etc. since 1990
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Current Work, Heat Pump Related
.I9/ όǘƘŀǘΩǎ ƳŜύϝ  ǎƛƴŎŜ нлмсΥ

ωCodes and Standards
ςLoad based lab test and rating procedure for ASHP: 

Canadian Standards Association (CSA)

ωConsulting to utilities, state & federal agencies
ςProgram design, savings estimates, technical 

evaluation, sizing and installation guidance

ωProgram implementation 
ςIncluding monitoring / measurement, analysis

ωDesign review, diagnostics/repair
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HVAC kWh and Tout (my house)
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Resistance Heat,  ASHP
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Outline

ωWhat explains deviations[WHY]

ςBetween ratings and in-field performance?

ωWhat can be done? [WHAT]

ςReduce deviations

ςDrive [appropriate] market growth

ωHow can the region work together? [HOW]

ςSupport improvements to rating methodologies 
across RHC technologies
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Heat Pump Terms

ωCAC: Central air conditioner

ωASHP: Air source heat pump

ωGSHP: Ground source heat pump

ς!ƭǎƻ ƪƴƻǿƴ ŀǎ άƎŜƻǘƘŜǊƳŀƭέ

ω/htΥ  /ƻŜŦŦƛŎƛŜƴǘ ƻŦ ǇŜǊŦƻǊƳŀƴŎŜΣ άŜŦŦƛŎƛŜƴŎȅέ

= Energy delivered / energy input  (like units); 1 = 100%

ωHSPF:  Heating Season Performance Factor 

= (delivered btu / input watt)  ~  (COP x 3.41)

ςDOE lab test and rating, simplified model

ς2 outdoor temperatures, one climate, fixed speeds
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All models are wrong, 

but some are useful.

- George Box, famous 

statistician (1919-2013)
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Field Studies ςa few highlights

ω1990s, Ecotope (WA): 

ςHeat pumps: more energy than resistance heating

ςBig losses in ductwork, other installation issues

ω2003 (Ecotope, ductless heat pumps): 

ς14 electric heat homes retrofitted, 1 zone DHP

ςSaved average of 40% (range was very wide)
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Recent Studies

ωBuilding Science Corp (Building America) 2014

ςLong term monitoring in 8 low-energy homes

ςPredictable issues with indoor distribution

ς.ƛƎ ƛǎǎǳŜ ǿƛǘƘ άƻƴκƻŦŦέ όdeepsetback = poor eff.)

ωSteven Winter (Building America) 2015:

ςMeasured 7 mini-splits retrofitted in homes 

ςCOP range from 1.1 ς2.3

ςIssues: low air flow, high inlet temperature, poor 
integration with central heat
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Recent Studies

ωCadmus 2016 MA/RA impact evaluation:
ςOperating hours much lower than expected (only 

running 19-27% of the time in winter)

ςEfficiencies somewhat lower than ratings

ςNet result: savings pretty small

ωIssues: lack of use (many installed w/AC focus)
ςNeed better controls/thermostat placement

ςMulti -zone had lower efficiency

ωCadmus 2017 Vermont
ςHigher utilization, better efficiency and savings

ςStill somewhat below expectations
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WHY
ΧǘƘŜ ŘƛǎŎǊŜǇŀƴŎƛŜǎ ōŜǘǿŜŜƴ ǊŀǘŜŘ 

and field performance?
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WHY?

ωLow utilization

ςtŜƻǇƭŜ ŘƻƴΩǘ ŎƻƴǎƛǎǘŜƴǘƭȅ ǳƴŘŜǊǎǘŀƴŘ ƘŜŀǘƛƴƎ ǾŀƭǳŜ 

ςControls often favor central heating in retrofit 

ωInflated ratings 

ςTest procedures based on decades-old technology

ωInternal algorithms not optimal

ςE.g., cycling at above-minimum speeds, 

ςIgnored in rating procedures

ωOversizing ςespecially multi-zone
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My Heat Pump
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ωBefore and after firmware adjustment, 2018

ςAn example of why this matters



WHAT
Χ Ŏŀƴ ōŜ ŘƻƴŜ ǘƻ ǊŜŘǳŎŜ ǾŀǊƛŀǘƛƻƴǎ 

and drive growth?
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WHAT?

ωProvide better metrics / ratings
ςTo compare systems to each other

ςTo assist designers with consistent info

ωCraft those metrics to reflect reality
ςCapture/reveal inefficient operating modes

ςBe responsive to climate variations 

ωProvide consistent signals to marketplace
ςRewarding good performance in a relevant way
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CSA Test Procedure Development

ωWorking group hosted by CSA, established 2015

ωComprised of Canadian, US members:

ςCanadian utilities (Chair: Gary Hamer ςBC Hydro)

ςNatural Resources Canada (NRCan) / CanMetEnergy

ςNorthwest Energy Efficiency Alliance (NEEA) 

ςPacific Gas and Electric (PG&E)

ςElectric Power Research Institute (EPRI)

ω¢ŀǎƪŜŘ ǘƻ ŘŜǾŜƭƻǇ ŀ /{! ά9ȄǇǊŜǎǎ 5ƻŎǳƳŜƴǘέ 

ςNot full ANSI process, but similar ςstandards language 
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EXP-07 Development Objectives

ωResponse to stakeholder needs:

ςRealistic rating for variable speed equipment

ςSeasonal efficiency for heating & cooling reported 
for a range of climate zones  (8 in US/Canada!)

ςDetailed data for hourly computer simulation

ωVoluntary test ςnot intended as regulation

ςMarketplace differentiation of high-performance 
products 

ςE.g. market support via qualified product lists 
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EXP-07 Scope

ωSingle stage, multiple stage, and variable 
speed heat pumps and air conditioners

ωResidentialequipment sizes <65,000 Btu/h

ωDucted/ductless (including central ducted)

ωAir-to air, single zone

ςMulti-zone, air-to-water, VRF are planned

ωUse dynamic, load based test rather than fixed 
ǎǇŜŜŘ άǘŜǎǘ-ƳƻŘŜέ 
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Stakeholder Needs

ωClimate sensitivity
ςFor heating and cooling performance

ς!ƭƭƻǿǎ ŦƻǊ ŎǳǎǘƻƳƛȊŜŘ άŀǇǇƭƛŎŀǘƛƻƴ ǊŀǘƛƴƎέ

ωInclude standby energy 
ςCan be significant in shoulder seasons

ωDOE rating: HSPF is not representative 
ςBased on two data points and one climate profile

ςCannot provide accurate heating kWh estimates

ςMeaningful product comparisons impossible
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DOE Climate Regions 
(only used for heat pump ratings)
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ωCan only use Region IV (pink) to report HSPF
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V + ?? (Undefined for Canada)
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CSA Climate Zone Assignments

Based on data analysis, Building America climates



Conventional (DOE) Heating Test ς2 points 
extrapolated to wide range of conditions
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CSA TestApproach: Multiple points 
Match loads with outdoor conditions
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DOE Test: Locked Test Mode

ωFixed fan and compressor speeds 

ςHigh fan speeds, not available in normal operation

ςThis increases ratings but not real performance

ω5ƻŜǎƴΩǘ ƛƴŎƭǳŘŜ ƭƻǿ-load cycling behavior

ωaŀƴǳŦŀŎǘǳǊŜǊΩǎ ǘŜŎƘƴƛŎƛŀƴǎ ƛƴǎǘŀƭƭ ŜǉǳƛǇƳŜƴǘ 
and monitor testing using proprietary test 
modes

ς/ŀƴΩǘ ōŜ ƛƴŘŜǇŜƴŘŜƴǘƭȅ ŘǳǇƭƛŎŀǘŜŘ
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Dynamic Load Based Testing

ωIndoor room has a simulated load
ς[ƻŀŘ ƛǎ άƛƳǇƻǎŜŘέ ōȅ ƛƴŘƻƻǊ ǊƻƻƳ ǊŜŎƻƴŘƛǘƛƻƴƛƴƎ 

equipment, programmed to mimic load

ςLoad varies based on outdoor conditions

ςIncludes dynamic moisture load for humid/cooling

ς9ǉǳƛǇƳŜƴǘ ǳƴŘŜǊ ǘŜǎǘ ƛƴǎǘŀƭƭŜŘ ǇŜǊ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ 
instruction manual

ωOn-board controls govern fan, cycling, defrost and 
latent removal in single test procedure
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CSA Test, Manuf. data, AHRI values
ωTest COPs match manufacturer engineering data fairly well
ωAHRI shown for illustration purposes

(From published values at 17/47;not including defrost, CD)

CSA test results Manufôsengineering data AHRI



HOW
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Χ Ŏŀƴ ǘƘŜ ǊŜƎƛƻƴ ǿƻǊƪ togethe?



HOW?

ωSupport improvements to rating 
methodologies across RHC technologies

ωSupport and encourage use of load-based 
testing, voluntary rating/metrics
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Other efforts: NEEP

ωSizing/selection guide and installation guide

ωƴŜŜǇΦƻǊƎΣ άLƴƛǘƛŀǘƛǾŜǎκŀƛǊ ǎƻǳǊŎŜ ƘŜŀǘ ǇǳƳǇǎέΣ 
άAir-Source Heat Pump Installer Resourcesέ 
link on right side 

ω!ƭǎƻΣ άCold Climate Air Source Heat Pumpέ  
link at right to cold climate list

ω¦ǇŘŀǘŜǎ ŎƻƳƛƴƎ ƛƴ нлмуΣ Ҍ ŎƻƴǎǳƳŜǊΩǎ ƎǳƛŘŜ
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http://neep.org/initiatives/high-efficiency-products/air-source-heat-pumps/air-source-heat-pump-installer-resources
http://neep.org/initiatives/high-efficiency-products/emerging-technologies/ashp/cold-climate-air-source-heat-pump


Application 
Sheets

Sizing and Selecting Guide


